The COSPIN/KET experiment on board the Ulysses spacecraft has been observing the flux of 3-30 MeV and higher energy electrons in the inner heliosphere (radial distances < 5.2 AU) since its launch in 1990. These observations have indicated the presence of low-energy electrons with a strong anisotropy off the equatorial plane as far as 2.2 AU from Jupiter. This was observed during Ulysses' first encounter with Jupiter in 1992 and again during its descent to low heliospheric latitudes in 2004 when the spacecraft approached Jupiter within 1 AU. A three-dimensional electron modulation model is used to study the modulation of 10 MeV Jovian electron anisotropies in the inner heliosphere. The emphasis is placed on the role that polar perpendicular diffusion plays in establishing a large electron anisotropy in the inner heliosphere.
Introduction
It was discovered by the Pioneer 10 spacecraft [13] and established by the two Voyager spacecraft [14] and the fly-bys of the Ulysses spacecraft [2, 5, 7] that the Jovian magnetosphere, located at ~ 5.2 AU in the ecliptic plane, is a relatively strong source of electrons with energies of up to ~ 30 MeV. These Jovian electrons propagate along and across the heliospheric magnetic field (HMF) and are observed at Earth and far beyond the Jovian magnetosphere [1] . Since its launch in October 1990, Ulysses has sampled the inner heliosphere in all three dimensions. During this time the Jovian electron intensity has varied significantly with changing heliomagnetic distance to Jupiter and with changing solar activity. In 1992 and 2004, Ulysses had encounters with the Jovian magnetosphere allowing the study of the propagation of electrons originating from this 'point' source in the inner heliosphere. The closest approach to Jupiter was 0.003 AU (6 Jovian radii, R J ) in 1992 and 0.803 AU (1682 R J ) in 2004. Apart from global and temporal effects on electron modulation, such as caused by corotating interaction regions, Jovian electron bursts or jets were also observed during both encounters. These are events with sharp increases and decreases and duration of only a few hours [2] . They were observed as far as 2.2 AU from the planet in 2004. After the 1992 fly-by, jets had also been observed at 0.6 AU from Jupiter, and at north-south displacements of almost 0.5 AU, implying the direct magnetic connection to Jupiter over these distances. In [6, 7, 8, 9] it was noted that these jets seem to come directly along flux tubes from Jupiter with an evident Jovian rotation modulation and having a significant anisotropy, making their identification as the Jovian electrons quite convincing. These extraordinary events are beyond the scope of this paper, but serve as motivation to understand the global electron anisotropy in the inner heliosphere. The modeling described below will give a reference for the interpretation of electron anisotropy observations done by the COSPIN/KET experiment on board Ulysses. Emphasis is on the investigation of the role that polar perpendicular diffusion plays in determining the electron anisotropies in the inner heliosphere. Modeling of the full three-dimensional (3D) anisotropy vector for electrons has not been reported before.
A 3D, steady-state numerical model is used to calculate the three anisotropy components for 10 MeV Jovian electrons in the inner heliosphere. It is based on the numerical solution of Parker's [11] transport equation:
where f (r, P, t) is the cosmic ray distribution; P is the rigidity, r is the vector position, t is time, and V representing the solar wind velocity. The terms on the right hand side represent convection, gradient, and curvature drifts, diffusion and adiabatic energy changes, and the Jovian source function Q.
The differential intensity is . The diffusion tensor K 2 j P f ∝ s consist of a diffusion coefficient parallel (K || ) and perpendicular (K ⊥ ) to the average background heliospheric magnetic field (HMF) and is subdivided in two independent coefficients, K ⊥θ and K ⊥r , which give perpendicular diffusion in the polar and radial direction of the heliosphere respectively. K A describes gradient and curvature drifts in the large scale HMF. For The general expressions in spherical coordinates for the diffusion coefficients of special interest for this work are: 2 2 || cos sin ,
where, respectively, K rr , K θθ , K φφ , K φr describe the effective diffusion in the radial direction, in the polar direction, in the azimuthal direction, and in the φr-plane; K φr can be considered as the 'correction' term which marginally reduces the radial and azimuthal gradients of cosmic rays in Eq. Concerning perpendicular diffusion, it has become a standard and convenient practice when using modulation models to spatially scale K ⊥ as K || . For K ⊥r and K ⊥θ it is assumed that || 0 0.02
Here, P 0 = 1 GV, a = 0.02(P/ P 0 ) 0.3 and b = 0.015, as required to compute few-MeV electron modulation as shown in [3, 4] . According to Eqs. (3) and (4), K ⊥θ is enhanced towards the poles by a factor d with respect to K || from the value determined by b in the equatorial region. The function F(θ) in Eq. (4), where The anisotropy vector is defined as ξ = 3S/(4πp 2 f), with S the streaming vector. In spherical coordinates (r, θ, φ), S has three components:
From these components, the latitudinal, azimuthal and radial anisotropy components, ξ r, ξ θ , ξ φ can be calculated. Following [12] it is assumed that for Jovian and low-energy galactic electrons drifts become negligible, i.e. K A → 0. This gives significantly reduced and expressions for the anisotropy components:
with G r , G θ and G φ the radial, polar and azimuthal gradients, respectively; C = -1/3(∂lnf/∂lnP) is the
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Compton-Getting factor, and v is the particle speed.
It is evident from Eq. (6) that polar perpendicular diffusion plays the dominant role in determining ξ θ when drifts are neglected. In fact, if ξ θ and G θ were to be observed, K θθ could be directly computed for low-energy electrons. On the other hand, for galactic electrons with energies > ~ 100
MeV, drifts cannot be neglected, and ξ θ becomes significantly more complex, as in Eq. (5). 
Results and Discussion
Conclusions
In conclusion, it is found using a standard modulation approach, including convection, parallel and perpendicular diffusion but not drifts that the total anisotropy vector for electrons is dominated by the contribution of the Jovian electron anisotropy in the equatorial regions, by as much as a factor of 50 close to the Jovian magnetosphere during solar minimum conditions. Whereas at high heliolatitudes, the galactic electron anisotropy contribution dominates the total anisotropy by a much as a factor of 25. A maximum total anisotropy can be obtained even if only a close encounter of the planet is made but an equatorial approach of the Jovian magnetosphere produces a much sharper anisotropy-time profile than a latitudinal approach. Evidently, the Jovian source of electrons is perfectly suited to study in detail the role of perpendicular diffusion and the predicted enhancement of perpendicular diffusion in the polar direction.
